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Chapter 7 
Conclusions 
In tlzls thesis, we have stuched the formatlon of crystallme and glassy structures 
in hard sphere collo~ds under Merent circumstances The m a n  findmgs of our 
work is summarised below - 
Usmg density functional theory, we have studied the free energy landscape 
of a system of mono&sperse hard spheres A &scretlzed version of the 
Ramakrlshnan-Youssoff density functional is numerically minimzed in or- 
der to obtam the w ious  free energy minima Our calculations show that 
there is a flmd-to-solid transition of the system at a density of pl = 0 9445, 
which is consistent with results obtamed from simulations. Apart £rom the 
crystalhe free energy minimum, we also obtam other local minima whose 
structure is either polycrystalline or glassy. A comparison of the free en- 
ergy of the various structures that were obtamed by mmirmzatlon show that 
the crystalline state is the equilibrium phase at hgh densities, the polycrys- 
talline and glassy structures being metastable in nature 
A study of the local density for the configuration corresponding to the glassy 
minimum showed that the localization of the time-averaged particle densi- 
ties exhibits large spatial variations. By constructing appropriate particle 
configuration fl-om this density configuration, we carried out molecular dy- 
namics simulations using many initial con&tions and we observed that the 
density configuration constructed from t h s  particle simulation has similar- 
ities with the one obtained from density functional calculation Thus , we 
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can conclude that the spatial locahzation of the time-averaged particle den- 
sities that one obtains via density functional mimmization is related to the 
dynamical heterogeneity observed in the hard sphere glass 
a We have then stuhed a system of polydisperse hard spheres usmg den- 
sity functional theory and calculated ~ t s  phase diagram in the denslty- 
polydispersity plane The discretized verslon of the Rarnakrishnan-Youssoff 
density funct~onal, appropriately modrfied for the polydisperse system, is 
used to calculate the phase diagram Usmg this approach, we locate the 
crystalline and glassy local mlnirna of the free energy of the system The 
equilibrium phase at any point in the phase diagram is obtamed by compar- 
ison of the free energies of different local minima - the structure having the 
lowest free energy corresponding to the stable phase We observe that the 
crystalline phase disappears and the glass becomes the equilibrium phase 
beyond a tennznal value of the poly&spersity A crystal to glass transition 
is also observed as the density is increased at high polydispersity 
Our next topic of study has been the the phase behaviour of a two-dlmens~onally 
confined hard sphere colloidal system in the presence of an externally ap- 
plied potential which is modulated in one dimension In order to find out 
the phase &agram, we have used Monte Carlo simulations Our simulations 
show that, for a given packing fraction of the particles, the colloidal sys- 
tem undergoes a transition from a modulated liquid to a crystal as the hght 
intensity is increased, corresponding to laser induced freezing We also see 
that for certam packing fractions of the colloidal particles, the system agam 
becomes a modulated liquid as the field strength crosses a threshold value, 
showing a re-entrant behaviour. 
Finally, we have examined a two-dimensional system of binary xmxture of 
hard sphere colloidal particles in the presence of an externally applied po- 
tential which is modulated in one direction In our Monte Carlo simulations, 
the binary mixture is modelled as an effective one component system where 
the larger colloidal particles interact via a pairwise attractive potential, the 
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attraction resulting from the presence of the smaller particles in the binary 
mixture. In such systems, incommensuration results when the periodicity of the 
external potential does not match the length-scale at which the minimum of the 
attractive potential occurs. We have studied the case when in the absence of the 
external field, the colloidal particles. We show that, in the presence of the 
external field of sufficient strength, the clusters melt to from a modulated 
liquid. However, when the strength of the potential is increased further the 
colloidal particles freeze to form a different crystalline structure, showing a re-
entrant behaviour once again. 
